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THE EFFECT OF 
HUMIDITY ON ELECTRI¬ 
CAL MEASUREMENTS 

• IT IS AT THIS TIME of year that 
<*4>niplainU roine in regarding the erratic 
Ix'havior of elerlrical measuring equip¬ 
ment, (>artieularly precision impedance 
bridges. The various stories conflict. Some¬ 
times the bridge «‘em8 to n*ad high, some¬ 
times low; the balan(*e may drift badly 
or suddenly jump to a new value; it may shc»w increasing errors as the 
frequency is lowen*d, or the balance may shift with applied voltage. At 
first glance it setuns that there must be as many causes as kinds of error. 
Actually, there is just one cause, high relative humidity. Testing labora¬ 
tories and research workers in the northern latitudes are ex|x*riencing 
for a few months what their brothers to the South contend with for half 
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the year and what the few in tlie tropics fight the year around. 

High relative humidity afie< t8 insulation in two ways. If the insula¬ 
tion is porous, moisture will I>e absorlied into tlw volume of the ma¬ 
terial while, if moisture wets the surface, a thin film of water is fornuMl 


The new Rohm 
and ITaas physics 
lalkoratoiy* is one 
of the most com¬ 
plete plastics test¬ 
ing laboratories 
in the country. 
'Phis photograph 
show s two l.eneral 
Radio bridges set 
up to measure the 
dielectric proper¬ 
ties of discs of 
Plexiglass. 
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foverinj; the surfarc. Water dis¬ 

tributed tliroiiglioiit the interior of an 
insulator produees interfacial [M)lariza- 
tion which causes an increase in capaci¬ 
tance. dissipation factor, and volume 
comiuclivily. The amounts of thew* in- 
<Teases vary with the relative humiflily 
and inversely with the fre(piency.‘ At 
100% relative humidity and a frequency 
of 60 cycles, increases of as much as 50% 
in capacitance, of a million-fold in <*on- 
ductivity, and up to a dissipation factor 
of 1.0, are quite possible for such porous 
materials as fdletl and laminated thermo¬ 
setting plastics, many thermoplastics 
and natural lilK^rs like cotton. w(m>1, and 
silk. The rate at w'hi<!h a porous material 
absorbs water and the tenacity with 
whi(*h it holds it de|>end greatly on the 
cross section of the pores. When these 
approach molecular dimensions, as in 
silica gel, which is a silicate having mi¬ 
croscopic j>ores produced by suitable 
heat treatment, the material acts as a 
desiccant, ami the al)SorlKMl water can 
Im? removed only by heating above the 
lioiling point. Mica and some c*eramics 
act in this manner. Only quartz and 
most glasses, some steatites, puly- 
styreiie, and a few other polymers are 
free from volume absorption and the 
accompanying tleterioration of dielectric 
profjerties. 

The formation of a surface film of 
water on an insulatorisdeterminedby the 
ease with which water wets the surface, 
which in turn is measured by the con¬ 
tact angle lietween the surface and a tlrop 
of water on the surface.* Most of the 
porous materials that show' large vol¬ 
ume absorption also wet very easily. A 

*R. F. Firhl. ”Fre<|iifncy Charartrrifltin of DcraiJp Con- 
iliriidpra.** Grnpral Radk) fltp^rimenter, Vol. XVII, No. 5, 
Orl., 1912. pp. I-7. 

HIn ihp wril wratrd aurfare of an aiiloinohilp liiirinit a 
rain. larRP tlropa aland wiili a amall rp-polranl anulr. liir 
area of rontart ItPiiiK cinialirr than llir maiiniiini act'lion 
..f I hr drop. 

Copyright, I94:i, (ionrral Miidin ('.i 


microscopic roughness of the surface 
helps film formation. (^)uartz, glass, ami 
steatite also wet easil>. Only wax, 
polystyrene, and some other polymers 
successfully prevent the formation of a 
continuous film. The condition of the 
surface is also important. Dust and par¬ 
ticularly aciil fH*rspiration from han- 
illing greatly aid wetting. The comliic- 
tivity of even a thin film is enormous. 
.Merely breathing on the surface of a 
good insulator like quartz will lower the 
insulation resistance between terminals 
spaced inch apart from above 

10 M M to below 1 M il. A film so 
fornieil will vanish rapidly if the surface 
is chemically clean and the relative hu¬ 
midity low. On a dirty surface, however, 
the film persists and can be removed only 
l»y thorough cleaning or by heating. 

Because there are no rigid stable in¬ 
sulators which are iinaffecteil by mois¬ 
ture, it is cust<»mary to inq>regnate them 
or at least to coat their surfaces with one 
of the w ater-re[»ellent substances such as 
wax, polystyrene, or the newer silicon 
resins. Any of these materials operates 
successfully on the non-p>rous insu¬ 
lators, such as glass ami steatite, so long 
as |)erfect adhesion is maintained. Large 
changes in tem|M‘rature, particularly 
toward freezing, will produce cracking 
ami chipping of the surface material be¬ 
cause of the differences in lem|)erature 
coefficients of linear expansion, and l>e- 
cause most coatings, the waxes in par¬ 
ticular, become brittle at the lower 
tein[»eratures. Any moisture film which 
then forms l>etween the insulation and 
the coating persists and can l>e removed 
only by complete cleaning of the surface 
or by heating. 

On porous materials a thin protective 
coating is of no value be<'aus<‘ even the 
waxes are themselves somewhat porous. 

npany, ('amliridfro. MnM.. S. \. 
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Surli a coating decreases iIr* rate at 
which moisture |Mmetrates to the inner 
inateriah hut continued ex{M>sure to high 
relative humidity will eventually result 
ill the same equilibrium conditions. For 
reasonable suci'css, wax coatings must be 
heavy, the n^siilt of multiple dippings, 
an<l of the order of 0.1 inch. 

Ill all (general Hadio instruments 
great care has lK*en taken to provide 
adequate protection against high ndative 
hiimiditv. Ml solid dielectric, condensers 
are hermetically sealed or heavily waxed. 
All high-valued resistors an* waxed »>r 
similar!) protected. All steatite insula¬ 
tion is protected hy a surface coating by 
the manufaetun'r. Mica-filled phenolic 
or |M)lystyren<* is U8<*il as insulation for 
mounting all high iiu|N*dances. All wires 
for cables are rublH*r covered with an 
iilentifying braid wax - impregnated. 
These precaution^ are sufficient to allow 
normal o|H‘ration under 00% relative 
humidity at 00^ F. of all instruments ex¬ 
cept the 0.1% imfiedance bridges. An 
even more severe test occurs when, at 
00% relative humidity, the tem|x*rature 
fluctuates sufTicieiitly to reach the dew 
point and cause direi’l moisture con¬ 
densation. Lnder these conditions the 
o|M*ration of an instrument may not 
meet catalog specifications. If power is 
dissipated inside the instrument, the 
heat generated will (piickly evaporate 
the conducting moisture films. Other¬ 
wise some lime must elapsi* to allow 
natural evajioration. A 10-watt lamp or 
other resistive load maintained insiile 
the case* will usually prevent condensa¬ 
tion. It will have, however, little effect 
on moisture absorption. 

'file Type 716-B (Capacitance Bridge 
is probably as greatly affecteil by mois¬ 
ture as any of our instruments. All 
steatite insulated terminals arc wax 


coated, the in|»ut transformer is wax 
sealed, and the bridge wiring is o|H*n 
bus. Only the Type 722 Precision (Con- 
dens<*r.usi*d on the capacitance standard, 
is affected by moisture, and that cmly in 
its iliclectric loss<‘s, not in its capaci- 
tance. Its own dissipation factor is de- 
fineil by its figure of merit F = DC = 
0.01 /i/ixf- corresponding to a dissipation 
factor of the steatite stator sup|>ort of 
0.001. At about 00% relative humi<lity, 
moLsture absorption through the wax 
coating on these bars causi*s their tlissi- 
patioii factor to rise. A tenfolil increase: 
at 00^/^; relative humidity must Ik* ex- 
jK'c.ted. I’his will pnMluce a negative 
error in the dircil reading of dissipation 
factor exactly etpial to the increase in 
dissipation factor of the precision <*on- 
<lenHi*r. No error will ap|K*ar in parallel 
substitution measurements. 

Another ilielectric loss <»ccurs in 
aluminum-plate air condensers under 
high humidity conditions from the ab¬ 
sorption of moisture by the aluminum 
oxide on the surface of all the plates. In 
its dry state aluminum oxide has a small 
dissi[»ation factor and imparts to the 
whole condensi*r a dissipation factor of 
only 0.000(1001, since its contribution is 
pro|>i>rtional to the ratio of the thickness 
of the oxide film, about 10 millionths of 
an inch, to the plate spacing of 30 mils. 
When ex|K)sed to mc»isture the dissipa¬ 
tion factor of the oxide is an ex|»onential 
function of the relative humidity,'^ in¬ 
creasing a decade of <lissipation factor 
for every 15% rise in relative humidity. 
At 00% the air condens<*r has a dissipa¬ 
tion factor of about 0.01. Since the die¬ 
lectric* loss occurs on the surfaces of all 
the plates, the air c’ondenser Iiehaves like 
a variable solid dielectric condenser, and 

*A. V. Astiti. **.Nalurr 4>f Kocritv in Aif Capaotfurv 

m lx>w Frrqii^nrie*,** Journal oj HoMtarch o/ ihe Sationu! 
Huroau nf StanJartis. Vol. 22, No. tt, June. l')39, pp. 673-^3. 
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iu dissipation j'actor does not cancel out 
even in parallel snhstitiition measure- 
ments. As Iwforc, I lie «*rror in the hridjje 
reailing is nejrative. 

Both of these kinds of moisture ab¬ 
sorption in steatite and in ainminiim 
oxide are troublesome when the relative 
linmiility slays at 60^/^ throughout the 
day, since at this level only a half day is 
reipiired to attain equilibrium. A rela¬ 
tive luirniditv of 10% causes no appre¬ 
ciable error, and even a rise to 60%^^ fol¬ 
lowed by a drop back to 40% within six 
hours will cause little trouble. The time 
neeiled to attain equilibrium im*reasi‘8 
with the relative humidity and is at least 
three days at 00%. 

Kverv laboratory should be e(}uip^HMl 
with some ty[>e of hvgronieter in order 
that the possibility of errors in liridge 
measurements may lie anticifiated. The 
ordinary hair hygrometer is very useful 
in spite of its large errors f>ec.ause it is of 
the indi<*ating ty|M*. A wet and dry bulb 
hygrometer shouhl Ik* available as a 
check under extreme conditions. Reg¬ 
ular readings of relative humidity dur¬ 
ing the summer months are fully as im¬ 
portant as are those of tenqM‘rature, for 
the units l>eing measured arc in many 
cases more liable to Im‘ allected by high 
hnmidity than the measuring eipiifunent 
itsilf. I'his fact indicates that the bridge 


readings of dissipation factor may apjM^ar 
to be high or low de|M‘ndent upon the 
relative rates at which the unknown 
condenser and the standard condenser 
in the bridge change their dissipation fac¬ 
tors with humidity. \\ ithout a hygrom¬ 
eter this situation cannot be definitely 
recognized except as the reading <d’dissi¬ 
pation factor becomes ridiculously low 
or actually negative. A c’ertain insta¬ 
bility of liridge balance will ap|K‘ar at 
relative humidities alw»ve jx^rhaps Td%, 
as indicated by a more or less steady 
drift of both capacitance and dissipa¬ 
tion factor balance points. 

There is little that can l)e ilone with 
existing measuring instruments to elim¬ 
inate this tyjx‘ of error, short of air con¬ 
ditioning. This should preferably apply 
to the entire room containing measuring 
equipment. Then the unknown unit is 
measured under standard conditions. It 
is also |K)Ssible to dry out the measuring 
instrument by placing a desiccant, such 
as silica gel. inside its »'ase. However, the 
amount of moisture which can seep 
through the joints b«*lween panel and 
case and around the control shaft is 
amazing. Unless unusual care is taken, 
it will be necessary to renew the ilesic- 
I’anl each working day whenever the 
relative hiimiility is above 70%. 

Kobi:ut l\ UiKi.i) 


ERRATA IN THETYPE 716-B INSTRUCTION BOOK 


'fw’o errors in the 0|H*rating Instruc¬ 
tions for 'rvi*!-: 7l()-R (!apa<‘itance 

Bridge have re<*einly ta'cn discovered. 

In Kquation 0, page .S, the expression 
for Cxp should be 


Cxr = 


1 - 

1 + IM))- 


and in Uipiation 10, page (>, the expres¬ 
sion for Cxp should reail 

llie latter correction has Immui made in 
biHiks currently being slfqqMMl. 
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CHECKING THE ACCURACY 
OF AIRCRAFT TACHOMETERS 


• THE CURRENT PROBLEM in 

rluN’kinf; airrraft tarlioiiirtrrs is 

otir of lianilliii^ the inrreaseil iiiitnlN*r of 
taehoiiieters and of making sure tliat the 
indivifhial tachometer takes advantage 
of the full toleraiifv allowed by the ac> 
ceptance s|H‘cirication. 

If the tachometer tolerance is 
rpin and if the checking standard has an 
error of rfc 10 rpni, the tachometers must 
each rea<l within dbl5 rpm to 1 h‘ ac¬ 
cepted. [f the checking standard ac¬ 
curacy can 1 h* ini|»roved to db2 rpm. 
the tachometers need only read within 
•±23 rpm to l)e acwpted. Vi ith the in¬ 
creased accuracy more tachometers are 
aci^pted at no increas4‘ in testing time. 
'Fhe extra lime re<purt*d for handling re¬ 
jections is eliminated. 

The (h*neral Radio Tyi»k f)31-R 
Slroholac hears the approval of the 
< avil Aeronautics Adnunistrati<»n for the 
checking of aircraft tachometers. 'Fliis 
«*ertificate is earned hy the rated ac¬ 
curacy of the Strobotac. which measurt‘s 
sj^eeds lM‘lwtt‘n 0(M) and 11,100 rpm 
with an error of less than ±1% of the 
measured value. This statement assumes 
that the supply from which the Stroh- 
otac is o}K*rated is a |K>wer line tied in 
with one of the main frequency-regulated 
power systems of the country. 'Flic in¬ 
stantaneous error in the frequency of a 
H'gulated f>0-cycle |M)wer line seldom ex¬ 
ceeds ±0.2^^. ami is usually much less 
than this ligure. A telephone call to the 
liHral |M>wer company’s Dispatcher’s 
Dflice will give a check on the friMpieiicy 
ac<mrac\ to Ik* ex|K*ctetl of the hM‘^1 
power system. 

Kngiiie tachometers are driven from 
the engine cam shaft which turns at one- 

rid'KK 1. 'Fa<*liomcU*r t«*sl «lisr for Stroholar. 
(’.opit'S arc uvaiialile on re<|iirst. 


half the crankshaft s|H*ed. In the in¬ 
strument laboratory, therefore, the 
la<‘hometer is checked hy comparing its 
reading with Iwic’e the measured s|N*e4l 
of the test-stand <lrive shaft. 

'Fhere are usually thn*e ste[>s in I la* 
la<1iomeler-lesling pro<r«lure. 

(a) The Strobotac calibration is atl- 
just<*d against the line-con trolled smi- 
(’hnmous vibrating reeil niounte<l within 
lla* instrument reflector, ami the Stroh- 
4)lac scale is then set tt) one-half the 
<lesire<l tachometer test s|K*ed. 

(h) The S|K*ed of the test-slaml ilrive 
motor is adjusted until the drivt* shaft 
ap|N‘ars to stand still. 

(c) The S4*ale reading of the tachom- 
et4*r is reconled. 

Steps (a) ami (h) may 1m* comhine<l. 
and the |M>ssihle calibration errors of 
.Step (a) may In* eliminate«l hy using a 
stroboscopic disi* and hy flashing the 
Strobotac at the power-line frequency 
under LINK control. 'Fhis method |M*r- 
mits reduction of ^M>ssihle errors from the 
( rateil Strobotac maximum error 
to the |M»wer-line freipiem'y error 4if 
usually less than ±fl.2^'i. 

'File slrolM»s<‘opic ^lisi* of Figure 1 may 
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TORSIONAL VIBRATION ANALYSIS 
WITH THE TYPE 736-A WAVE ANALYZER 



Fici rb 1. Test setup for measiirin;; torsional viliration at the I.yeoming lahoratf)ries. 


# ALTHOUGH the T^pe 760-A Sound 
Analyzer an<l the Type 762-A Vibratiun 
Analyzer are recommended for general 
pur[M>se Hotind and vibration analy8i8, 
there are 8pt*cific applications uhen* the 
ii»e of the Type 736-A Wave Analyzer 
leads to certain opierating conveniences 
and somewhat better accuracy. In Fig- 


un* I is shown a test setup in the lab¬ 
oratories of the Lycoming Division, the 
Aviation Cor|N)ratioii. using the wave 
analyzer for the analysis of torsional 
vibrations in aircraft power plants. 

At tin* lowest frecpiencies. the resolv¬ 
ing |K)wer of the wave analyzer is not 
adequate for satisfactory separation of 


Figcrr 2. Plots showing the amplitudes of various orders of vibration as meas¬ 
ured with the wave analvzer. 
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rlosely iioii-liartiionk! coinpo« 

lUMils. hill for vibration frequencies ili> 
reetly related to the fiindainental engine 
ii|M*cd, the fteleetivily is aileqiiale. f'or 
instani'e, at a fiindanieiital (first-order) 
vibration of 20 I'veles (|Hrr second), the 
order and onler eom|M>nents fall 
at 10 and 30 cycles. re8|»ectively. The 
disiTiinination of approximately 30 <lh 
InMween siicli conqMments is adequate 
for most torsional vibration analysis. 

At extremely high frequencies the 
3'yi»e 736-a suffers somewhat in com¬ 
parison to the Type 760-A, In^cause the 
relatively sliar|ier response curve makes 
tuning difTiciilt wlien the freipiencies 
under observation are not stable. For 
the range of frequencies normally en¬ 
countered (fuiulameiital s|)ceds in the 
range 1(M)0-30<KI rpm) in torsional 
studies on aircraft engines, however, the 
selectivity characteristics of the wave 
analyzer are satisfactory. 

A series of plots typical of the ampli- 



Fioirb 3. Muximiim ainplitiitl«*M of tho rr- 
Miltant reconleil vibration wave meaHiired from 
oM'illogram^. 


tilde of various orders of vibration, as 
the driving s|ieed is varied over a wide 
range, is shown. 

— Iv (». Kaston 
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